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Abstract
Vitamin D (VD) plays an important role in calcium homeostasis. 1,25-Dihydroxycholecalciferol or
calcitriol modulates gene transcription via nuclear VD receptors (VDR). In the intestines, VD promotes
calcium resorption via VDR. VDR has not been systematically assessed within the intestine in any
species. We therefore present a semiquantitative immunohistochemical study of the distribution patterns
of VDR in goat intestines. Intestinal tissue probes were collected from 5 lambs and 5 non-lactating
non-pregnant dams, fixed in formalin, embedded in paraffin and assessed for VDR. Nuclear VDR
immunoreaction was scored semiquantitatively. VDR exhibited a segment-specific distribution pattern.
Goblet cells were always devoid of VDR. Enterocytes within the surface epithelium and the superficial
crypts generally demonstrated only a weak immunoreaction along the length of the intestine, while
basally and/or intermediately located crypt epithelial cells exhibited strong VDR immunoreactions in the
duodenum, jejunum and colon descendens. The difference in VDR staining between deep and
superficial locations was most prominent in the duodenum and less evident in the jejunum, ileum and
colon descendens. Results demonstrate that VDR distribution exhibits cell type-, segment- and
location-specific patterns in the goat. Data may serve as a basis for future experiments on the role of
VDR in Ca metabolism.
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species. We therefore present a semiquantitative immuno-
histochemical study of the distribution patterns of VDR in 
goat intestines. Intestinal tissue probes were collected from 
5 lambs and 5 non-lactating non-pregnant dams, fixed in for-
malin, embedded in paraffin and assessed for VDR. Nuclear 
VDR immunoreaction was scored semiquantitatively. VDR 
exhibited a segment-specific distribution pattern. Goblet 
cells were always devoid of VDR. Enterocytes within the sur-
face epithelium and the superficial crypts generally demon-
strated only a weak immunoreaction along the length of the 
intestine, while basally and/or intermediately located crypt 
epithelial cells exhibited strong VDR immunoreactions in the 
duodenum, jejunum and colon descendens. The difference 
in VDR staining between deep and superficial locations was 
most prominent in the duodenum and less evident in the je-
junum, ileum and colon descendens. Results demonstrate 
that VDR distribution exhibits cell type-, segment- and loca-
tion-specific patterns in the goat. Data may serve as a basis 
for future experiments on the role of VDR in Ca metabolism. 
 Copyright © 2007 S. Karger AG, Basel 
 Introduction 
 Vitamin D (VD) is a secosteroid prohormone, which 
is obtained from the diet and by the action of sunlight on 
the skin via conversion of 7-dehydrocholesterol to previ-
tamin D. It exerts its effects through its active form 1,25-
dihydroxycholecalciferol or calcitriol, which is activated 
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 Abstract 
 Vitamin D (VD) plays an important role in calcium homeo-
stasis. 1,25-Dihydroxycholecalciferol or calcitriol modulates 
gene transcription via nuclear VD receptors (VDR). In the in-
testines, VD promotes calcium resorption via VDR. VDR has 
not been systematically assessed within the intestine in any 
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Abbreviation used in this paper
BG basal glandular/crypt epithelial cells
CC cecum
CD colon descendens
DA duodenum ascendens
DD duodenum descendens
IG intermediate glandular/crypt epithelial cells
IL ileum
JE jejunum
SE surface epithelial cells
SG superficial glandular/crypt epithelial cells
SI staining intensity
TBS Trizma-buffered saline
VD 1,25-dihydroxycholecalciferol or calcitriol
VDR vitamin D receptor
VDR-IRS vitamin D receptor immunoreactive score
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from the precursor molecule by 25-hydroxylase in the 
liver and the 1  -hydroxylase in the kidneys. VD circu-
lates bound to the VD-binding protein. After being taken 
up by target cells, VD is bound to the intracellular bind-
ing protein. Subsequently, it interacts with the VD recep-
tor (VDR) and induces heterodimerization of the VD-
VDR complex with retinoic X receptor (RXR). This het-
erodimer binds to response elements on target genes. 
Coregulators are recruited to link the heterodimer to the 
basal transcriptional machinery and thereby modulate 
gene transcription [Horst et al., 1994; Duque et al., 2002; 
Christakos et al., 2003; Fleet, 2004; Dusso et al., 2005; 
Horst et al., 2005; Hendy et al., 2006; Yamagishi et al., 
2006; Zella et al., 2006].
 In addition to this pathway of action described here, a 
number of other pathways involving rapid non-genomic 
effects have also been described. These include interac-
tion of VD with a membrane receptor, either a novel re-
ceptor or the known VDR, thereby activating cell signal-
ling pathways [Fleet, 2004; Dusso et al., 2005; Hendy et 
al., 2006]. There is growing direct evidence that the tra-
ditional nuclear VDR may also have a unique, non-tran-
scriptional role in plasma membrane-initiated signalling 
[Fleet, 2004]. This would to some extent explain the de-
tection of VDR in the cytoplasm of target cells [Feldman 
et al., 1979; Milde et al., 1989; Barsony et al., 1997; Zineb 
et al., 1998; Prüfer et al., 2000; Horst et al., 2003] – a locus 
where the receptor protein is synthesized.
 It has been shown that VDR distributes itself evenly 
between the cytoplasm and the nucleus. Calcitriol induc-
es translocation of the VDR into the nucleus [Barsony et 
al., 1997; Prüfer et al., 2000]. Since immunohistochemis-
try detects both the active and inactive receptor as well as 
de novo synthesized receptor protein, VDR is regularly 
found in cytoplasm and nucleus when this methodology 
is used [Walbert et al., 2001]. VDR is located in the cyto-
plasmic matrix but not in association with organelles, 
and nuclear VDR is mainly found in the chromatin and 
sometimes in the nucleolus and near the nuclear mem-
brane [Boivin et al., 1987].
 Classical target organs demonstrating VDR are the 
skin, liver, kidney, bones and intestines. The great variety 
of processes involving VD correlate well with VDR de-
tected at several other sites such as the brain, breast, car-
diac and skeletal muscles, lungs, uterus, urethra, pancre-
as, adrenal glands, thyroid glands, parathyroid gland, pi-
tuitary, T lymphocytes, fibroblasts, smooth muscle cells, 
macrophages and endothelial cells of different species 
[Berger et al., 1988; Sandgren et al., 1991; Zineb et al., 
1998;   Lee   et   al.,   2003].   The   exact   roles   of   VD   at   all   
these sites – exerted by genomic or non-genomic mecha-
nisms – require further elucidation.
 However, it is well established that VD plays an impor-
tant role in the intestine, where it promotes Ca 2+  resorp-
tion via VDR-mediated genomic mechanisms, i.e. main-
ly the expression of calbindin-D9k [Walters et al., 1999; 
Christakos et al., 2003; Lee et al., 2003; Yamagishi et al., 
2006], its own receptor [Horst et al., 1990; Chen et al., 
2006; Yamagishi et al., 2006] and Ca-transporting ATPase 
[Yamagishi et al., 2006]. Calcium metabolism has clinical 
relevance in high-milk-yielding domestic ruminants 
around parturition, i.e. under specific circumstances hy-
pocalcemia or milk fever may develop as clinical signs of 
a disturbed calcium homeostasis [Goff et al., 1995; Horst 
et al., 2005]. Studies on VDR expression in several species 
generally suggest that VDR levels in the gastrointestinal 
tract are highest in the duodenum, decrease towards the 
large intestine [Feldman et al., 1979], are reduced with 
ongoing age [Horst et al., 1990; Duque et al., 2002] and 
decline with decreasing blood estrogen concentrations 
[Liel et al., 1999; Schwartz et al., 2000; Duque et al., 2002]. 
VDR are also more abundant in crypts than in villar cells 
[Clemens et al., 1988]. Results are, however, subject to 
controversy [Berger et al., 1988; Sandgren et al., 1991; 
Kinyamu et al., 1997; Wood et al., 1998; Lee et al., 2003; 
Chen et al., 2006].
 Up to now, no systematic examination exists concern-
ing the distribution patterns of intestinal VDR – neither 
in ruminants nor in any other species. Since growth, ges-
tation and lactation (especially in high-milk-yielding ru-
minants) are periods of high calcium demand, which 
may lead to hypocalcemia, goats were exemplarily used 
in this immunohistochemical study to assess the amount 
and distribution patterns of VDRs in small and large in-
testines of lambs and non-lactating, non-pregnant dams. 
The results obtained should serve as a basis for current 
and future experiments performed in several domestic 
ruminants during pregnancy and lactation [Liesegang et 
al., 2006; Riner, 2006; Singer, 2006].
 Materials and Methods 
 Animals 
 Five juvenile lambs (10 weeks old) and 5 adult, non-lactating 
and non-pregnant female goats (1.5, 1.5, 3, 6 and 6 years of age) 
enrolled in the present study were slaughtered at the abattoir of 
the Vetsuisse Faculty of the University of Zurich. All lambs and 
dams were of the Saanen breed and clinically healthy and super-
numerary members of the herd of the Institute for Animal Nutri-
tion.
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 Tissue Sampling and Processing 
 At the latest within 30 min after killing with a blunt pistol and 
following bleeding and evisceration, 5-cm-long tubular pieces of 
the duodenum descendens (DD), duodenum ascendens (DA), je-
junum (JE), ileum (IL), cecum (CC) and colon descendens (CD) 
were collected and fixed in neutral buffered 4% formaldehyde so-
lution for 26 h. DD and DA pieces were taken half way between 
flexura cranialis and flexura caudalis, and flexura caudalis and 
flexura duodenojejunalis, respectively. The JE probe was taken 
from the central part of this intestine, and the IL sample cut off 
half way between the ileal end of the plica ileocecalis and the 
opening of the ileum into the cecum. A central piece of the CC 
was harvested, and finally a segment of the CD, being 30 (lambs) 
or 40 cm (dams) cranial to the anus, was isolated from fat tissue 
and immersed in the fixative. If necessary, intestinal tubules were 
gently moved in the fixative to remove attached contents, and the 
fixative was renewed if it was soiled with feces. Except for the ce-
cum, which was cut into 3  ! 1 cm pieces after fixation, all tubules 
were cut into pieces of 1-cm length and rinsed in tap water for 
24 h. This procedure was followed by dehydration in graded eth-
anol (70, 96 and 100%), methyl benzoate, xylene and paraffin 
(60  °  C) for 2  ! 4 h each and finally embedding in paraffin (His-
towax  , Leica, Wetzlar, Germany). Transverse sections were cut 
at 5   m, mounted on Superfrost  plus adhesive slides (Menzel-
Gläser, Braunschweig, Germany) and dried at 60  °  C for 30 min. 
Sections were stained with hematoxylin and eosin [Böck, 1989] to 
verify the physiological state of the tissues and exclude animals 
possibly exhibiting pathological changes of the intestine.
 Immunohistochemistry 
 Sections were dewaxed using xylene and isopropyl alcohol, hy-
drated through serial dilutions of ethanol to water and rinsed in 
Trizma-buffered  saline  for 2 min (TBS, buffer stock solution: 
6.1 g Trizma base, 50 ml H 2 O and 37 ml 1  N HCl, diluted with H 2 O 
to 1,000 ml of solution, pH adjusted to 7.6; working solution: 100 
ml buffer stock solution plus 900 ml saline, 0.85%). Antigen re-
trieval, i.e. unmasking of cross-linked epitopes [Shi et al., 2001], 
was carried out by incubating the sections in citrate buffer (0.01 
mol l –1 , pH 6.0; ProTaqs  citrate buffer concentrate and diluted 
with H 2 O to finally obtain 1,000 ml of solution; Medite, Nunnin-
gen, Switzerland) in a microwave oven (600 W, 3  ! 5 min). Sec-
tions were cooled down to room temperature in citrate buffer for 
20 min and endogenous peroxidases inhibited in 3% peroxide for 
10 min followed by incubation in TBS for 5 min. All subsequent 
steps were done at room temperature. Following the avidin-biotin 
block (20 min each, Vector Laboratories, Burlingame, Calif., 
USA), a serum-free protein block (10 min, DakoCytomation, Zug, 
Switzerland) was kept in a humidified chamber. Sections were 
rinsed in TBS and incubated for 80 min with a biotinylated rat 
monoclonal antibody (9A7  , NeoMarkers) directed against chick-
en VDR protein (aa 89–105) demonstrating cross-reactivities 
with pig and sheep VDR [Milde et al., 1989; Schröder et al., 2001]. 
This step was followed by rinsing in TBS (5 min), incubation with 
StreptABComplex/HRP (30 min, DakoCytomation), rinsing in 
TBS (5 min) and incubation with diaminobenzidine tetrahydro-
chloride chromogen and H 2 O 2  (Dakocytomation) for 3 min and 
rinsing with TBS (5 min). Finally, nuclei were counterstained with 
hemalaun according to Mayer [Böck, 1989] for 3 min, rinsed with 
tap water for 10 min, dehydrated, cleared in xylene and automat-
ically mounted (RCM 2000  ; Medite) in Pertex  (Medite).
 Negative controls were performed using TBS instead of pri-
mary antibody and positive controls employing duodenal cross-
sections of pig and sheep (cross-reactivity proven and giving iden-
tical results) [Milde et al., 1989; Schröder et al., 2001].
 Semiquantitative Evaluation of Histochemical VDR Reactions  
 Nuclear immunoreactivities were evaluated by a single ob-
server with a binocular microscope (DMLB  , Leica) equipped 
with a digital camera for photo documentation (DC 480, Leica) at 
a magnification of  ! 400 in several randomly selected microscop-
ic fields. In every tissue specimen, nuclear staining intensities of 
500 cells (goblet cells were excluded from the counting procedure 
since they were always devoid of any immunoreaction) were re-
corded from the following cell types: (i) basal glandular/crypt ep-
ithelial cells (BG), (ii) intermediate glandular/crypt epithelial 
cells (IG), (iii) superficial glandular/crypt epithelial cells (SG) and 
(iv) surface epithelial cells (SE).
 The staining intensities (SI) of the nuclei were scored as nega-
tive = 0, very weak = 0.5, weak = 1, intermediate = 2 or strong = 3, 
correlating to absence of brown (i.e. blue counterstain only), light 
brown, brown or dark brown staining, respectively (i.e. SI 0 –SI 3 ). 
The frequencies of the different staining intensities were assessed 
separately for each type of cell, were evaluated in each selected 
microscopic field and then expressed as the sum of positively 
stained cells of the respective type of cell. Immunoreactivities of 
the different cell types in the above-described locations were ex-
pressed using a score (immunoreactive score, VDR-IRS) that was 
calculated according to an equation used in a slightly modified 
version in other studies [Schäubli et al., 2006]:
 VDR-IRS = 0  ! n (SI 0 ) + 0.25  ! n (SI 0.5 ) + 1  ! n (SI 1 ) +
4  ! n (SI 2 ) + 9  ! n (SI 3 ),
 where n =  number of cells counted of a specific cell type that dem-
onstrated characteristic staining intensities; total number was 
500, and SI 0  = negative staining intensity, SI 0.5  = very weak stain-
ing intensity, SI 1  = weak staining intensity, SI 2  = intermediate 
staining intensity and SI 3  = strong staining intensity. IRS fluctu-
ates between 0 (no specific stain at all) and 4,500 (all 500 cells 
exhibited strong immunoreactivities).
 Statistical Analysis 
 All VDR-IRS data for each type of cell are reported as means 
 8 SEM. Influence of age was calculated in a first step using anal-
ysis of variance. Differences between cell types were analyzed by 
two-factorial ANOVA for repeated measures (MANOVA, test 
within subjects) calculated using a statistical software program 
(Stat-View, SAS Institute). The test within subjects indicates 
whether significant changes occur in different parts of the intes-
tine and the factor cell type tests whether there are differences in 
VDR-IRS with respect to the cell type, i.e. location of the cells 
within the mucosa. Differences were considered statistically sig-
nificant if the p value was  ! 0.05. Since several tests were per-
formed for one parameter, a Bonferroni adjustment of the sig-
nificance level (p  divided by the number of tests) was per-
formed.
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 Fig. 1. VDR immunohistochemistry in 
goat DD ( a ,  b ) and DA ( c ), JE ( d ,  e ), IL ( f ), 
CC ( g ) and CD ( h ,  i ). Goblet cell nuclei (N) 
and cytoplasm within surface epithelium 
( a ,  d ) and intermediate ( g ,  h ,  i ) or deep 
glands ( b ,  c ,  e ,  f ) are devoid of any immu-
nostaining, while in adjacent enterocytes 
nuclei and cytoplasm may exhibit immu-
noreactions of varying intensities.  
 Fig. 2. VDR immunohistochemistry in goat DD ( a ), JE ( b ), IL ( c ), 
CC ( d ) and CD ( e ); VDR immunoreaction is demonstrated as 
brown staining and contrasts well with the blue counterstaining 
of the nuclei. DD ( a ) exhibits a clear gradient in VDR immuno-
staining. Strong reaction is visible in BG. IG, SG and SE demon-
strate a stepwise reduced immunostaining, respectively. At a low-
er level, this difference is also present in JE ( b ) and IL ( c ). Small 
inlets ( a ,  b ,  c ) show the BG marked with an asterisk at a higher 
magnification to underline the decreasing VDR immunoreaction 
along the length of the small intestine and the cytoplasmic stain-
ing in the duodenum ( a ). Large intestines ( d–e ) generally exhibit 
weaker immunoreactions. In CD ( e ), but not in CC ( e ), IG dem-
onstrate stronger immunostaining intensities compared to BG, 
SG and SE. Goblet cells (G, marked only in  d ) are always devoid 
of VDR. V = Intestinal villi. 
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 Results 
 VDR immunoreactivities were visible as brown stain-
ing in all segments of the goat intestines, i.e. DD, DA, JE, 
IL, CC and CD ( fig. 1, 2 ). Goblet cells (identifiable by their 
light supranuclear cytoplasm and their blue counterstained 
nuclei) were devoid of any specific brown immunostaining 
( fig. 1 ,  2 a, d). This brown coloration was of varying degree 
and thus indicative of more or less great VDR amounts 
within all other cell types present within the epithelium of 
crypts (BG, IG and SG) or the intestinal luminal surface 
epithelium (SE,  fig. 1 a–e). Nuclear immunostaining was 
present in all segments of the intestine while cytoplasmic 
immunoreactivities were highest in the duodenum ( fig. 1, 
2 ) compared with the more distal segments of the intes-
tine, which could exhibit faint or even no cytoplasmic im-
munoreactivities ( fig. 1 a–e,  2 b–e). Cytoplasmic immuno-
reactivities were also higher in the dept of crypts and de-
creased towards the openings of these glands and the 
surface epithelium ( fig. 2 a). A generally parallel decrease 
in nuclear immunoreactivities, which were, however, less 
clearly expressed, could also be recognized by the use of 
the light microscope ( fig. 1, 2 a, b, d, e).
 These differences were also reflected by correspond-
ing nuclear VDR-IRS. VDR-IRS of lambs did not signifi-
cantly differ from data obtained from dams (F-value = 
0.004, p = 0.95), thus all data were compiled and evalu-
ated statistically as a whole. As outlined in  table 1 , VDR-
IRS of BG decreased significantly from the duodenum to 
IL and large intestine, with intermediate levels in JE (DD, 
DA  1 JE  1 IL, CC, CD; p  ! 0.05). This was also true for 
IG (DD, DA  1 JE, IL, CC, CD; p  ! 0.05). SG also exhib-
ited significant differences (DD  1 IL; p  ! 0.05), while in 
SE no such discrepancies in immunohistochemical col-
oration for VDR could be detected (p  1 0.05).
 Differences between the several cell types (BG, IG and 
SG) within an intestinal segment were significant for DD, 
DA, JE (BG, IG  1 SG, SE; p  ! 0.05), IL (BG, IG  1 SE; p  ! 
0.05) and CD (IG  1 SE; p  ! 0.05), while in CC no such 
discrepancies could be detected (p  1 0.05).
 Discussion 
 The results of the present immunohistochemical study 
in goats clearly demonstrated that, for the first time, nu-
clear VDR protein exhibits distinct and characteristic dis-
tribution patterns in every segment of goat intestines. 
There were two significant gradients in nuclear VDR-IRS: 
a proximal to distal gradient between the different intes-
tinal segments based on high VDR-IRS in intermediate or 
in basal and intermediate glandular cells, and a basal/in-
termediate glandular cell to superficial glandular/surface 
epithelial cell gradient. Thus, differences between intesti-
nal segments are based on specific immunostaining in-
tensities of basal and intermediate glandular cells. Surface 
epithelial cells and cells of crypt openings, i.e. superficial 
glandular cells, did not exhibit any differences in nuclear 
VDR-IRS and therefore contribute to an intestinal epithe-
lial surface uniformly provided with little VDR. The dis-
tribution pattern of VDR protein demonstrated in this 
study was in good general agreement with several reports 
in various species on (i) VDR protein or VDR mRNA ex-
pression [Feldman et al., 1979; Clemens et al., 1988], (ii) 
calbindin expression [Yamagishi et al., 2002], (iii) epithe-
lial calcium transporter [Barley et al., 2001] and (iv) seg-
ment-specific calcium resorption or influx [Schröder et 
al., 1997; Breves and Schröder, 2005]. It should, however, 
also be considered that other factors such as nuclear co-
activators or co-repressors may additionally influence 
calbindin expression or calcium absorption rates [Kim et 
al., 2006; Zella et al., 2006]. In the studies mentioned here 
each parameter was evaluated based on one or two intes-
tinal segments only and a single or even two species. Thus, 
the present study is the first one including all intestinal 
segments and giving an overview over VDR immunore-
activities along the intestines of a single species. In very 
few studies only, however, no differences in VDR amounts 
could be detected between selected segments of the small 
intestine in humans [Berger et al., 1988] and rats [Chen et 
al., 2006]. Thus, the results presented here close a great 
gap in the knowledge of VDR protein distribution within 
the intestine in general and in ruminant intestine in par-
Table 1. VDR-IRS (means 8 SEM) of the various cell types with-
in the epithelial layers of the different segments of goat intestine
BG IG SG SE
DD 1,096884a, 1 877887a, 1 277853a, 2 118814a, 2
DA 956893a, 1 773893a, 1 211833a, b, 2 9985a, 2
JE 580879b, 1 442868b, 1 198821a, b, 2 8985a, 2
IL 13989c, 1 150814b, 1 11587b, 1, 2 8984a, 2
CC 159842c, 1 225861b, 1 162840a, b, 1 9784a, 1
CD 162815c, 1, 2 288868b, 1 183834a, b, 1, 2 9185a, 2
Significant differences are indicated by different superscript 
letters within a column, i.e. between different intestinal segments, 
and different superscript ciphers within a line, i.e. between the 
different epithelia (p < 0.05).
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ticular. In the near future, calbindin-D9k protein expres-
sion will be assessed in our laboratory, and data will be 
correlated with corresponding Ca fluxes and VDR-IRS 
data to provide further information on the functional im-
plications of the VDR within the intestine.
 Most intense VDR immunoreactions were visible in 
duodenum and jejunum. This is in accordance with seg-
ments of maximum intestinal calcium uptake in sheep 
[Schröder et al., 1997; Breves and Schröder, 2005]. Fur-
thermore, in these segments maximum immunostaining 
was confined to lower parts of crypts (BG and IG). In the 
large intestine, however, highest VDR-IRS levels were re-
corded – at a significantly lower level – in intermediate 
glands. Since stem cells are located close to the base of 
crypts (small intestines) or at the base of crypts (large in-
testines) daughter cells have to migrate downwards and 
upwards (small intestines) or upwards (large intestines) 
during differentiation [Marshman et al., 2002]. This im-
plies that specific aspects of cellular differentiation (at 
least in Ca-resorbing cells) are regulated by VD in the 
depth of the crypts where maturing cells are prepared for 
specific absorption of calcium, which takes place later, 
when cells have reached the intestinal surface. Thus there 
is only a very narrow window in time and localization, 
where VD can regulate cellular function in the intestine. 
This is also reflected by the fact that superficial glandular 
cells and surface epithelial cells uniformly exhibited a 
minimum VDR-IRS along the whole intestine. Thus, 
when enterocytes reach the surface of the intestine [At-
taix and Meslin, 1991] and absorb calcium, they are no 
longer under strict control of VD. It should be mentioned, 
however, that the quantitative role of intestinal Ca ab-
sorption in domestic ruminants is discussed controver-
sially because Schröder et al. [2001] showed that the ru-
men is the main site for active and calbindin-9k-indepen-
dent Ca absorption in small ruminants.
 In the present study, no age-dependent differences in 
VDR-IRS could be detected. This may be due to the fact 
that only 5 animals per group were investigated. In addi-
tion, the group of adult animals was very heterogeneous 
in age (1.5–6 years). For this reason, no conclusions about 
the pathogenesis of osteoporosis in humans may be 
drawn. However, a lack of age-dependent differences was 
also shown in cattle and sheep [Riner, 2006; Singer, 2006] 
and several other reports [Kinyamu et al., 1997; Wood et 
al., 1998; Lee et al., 2003; Yamagishi et al., 2006]. This is 
in contrast to data published elsewhere [Horst et al., 1990; 
Ebeling et al., 1992; Liang et al., 1994; Duque et al., 2002]. 
Since an age- and/or estrogen-dependent impairment in 
calcium resorption was detectable in elder subjects in 
some studies, a resistance to VD was postulated [Kin-
yamu et al., 1997; Wood et al., 1998] and furthermore 
VD-dependent [Kinyamu et al., 1997; Liel et al., 1999; 
Schwartz et al., 2000; Duque et al., 2002] and -indepen-
dent effects of estrogens on calcium resorption were ver-
ified [Eisman, 2001; van Cromphout et al., 2003]. Thus, 
future studies on hormone- and age-associated effects on 
calcium and VD metabolism in the goat should also in-
clude very old animals.
 The results of the present study indicate that VDRs are 
expressed in segment- and site-specific patterns within 
basal and intermediate glandular cells of goat intestines. 
Further studies – including other species – are needed to 
elucidate the specific role of the VDR in gastrointestinal 
calcium absorption under different circumstances and to 
get insights into species-specific mechanisms involved. 
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